The microquasar SS433 features the most energetic jets known in our Galaxy. A large fraction of the jet kinetic power is delivered to the surrounding W50 nebula at the jet termination shock, from which high-energy emission and cosmic-ray production have been anticipated. Here we report on the detection of a persistent gamma-ray signal from the direction of SS433/W50 with the Fermi Large Area Telescope. The steady flux and a narrow spectral energy distribution with a maximum around 250 MeV suggest that gamma-rays are rendered by the bulk jet kinetic power through proton-proton collisions at the SS433/W50 interaction regions. If the same mechanism is operating in other baryon-loaded microquasar jets, their collective contribution may represent a significant fraction of the total galactic cosmic-ray flux at GeV energies.
regime onto the black hole, with an accretion rate ∼ 10 −4 M ⊙ yr −1 (van den Heuvel 1981)( M ⊙ and R ⊙ are the mass and radius of the sun, respectively). A supercritical accretion disk is therefore formed (Shakura & Sunyaev 1973) , which feeds two sub-relativistic jets carrying a kinetic energy power at a level of L jet kin ∼ 10 39 erg s −1 (Dubner et al. 1998 ), ejected at a velocity v j = 0.26 c (Margon & Anderson 1989) , where c is the speed of light. Both the jets and the disk are observed to precess every 162.4 days in cones of half opening angle θ prec ≈ 21 • with respect to the normal to the orbital plane, which in turn subtends an angle i ≈ 78 • to our line of sight (Eikenberry et al. 2001) . In addition to the extremely large jet power, SS433 represents also one of only two cases in which the presence of baryonic material in the jets has been established (the other source being 4U 1630 -47, Díaz Trigo et al. 2013 ) through the detection of lines of highly ionized heavy elements (Marshall et al. 2002; Migliari et al. 2002) . Clouds of plasma containing both electrons, ions and protons propagate along ballistic trajectories whilst radiating intensively in radio, optical and X-rays. Eventually, the jets get decelerated through their interaction with the ambient medium via the formation of a termination shock. Most of the jet kinetic power is delivered at the shock interface to the surrounding W50 nebula, a large 2 • × 1 • size supernova remnant, SNR G39.7−2.0 (Green 2009 ), located at a distance of ∼ 5 kpc (Fabrika 2004 ). Radio to X-ray emission originated in the jet/nebula interaction sites has been proposed (Safi-Harb &Ögelman 1997; Dubner et al. 1998 ), whereas gamma-ray radiation from these regions has also been predicted (Heinz & Sunyaev 2002) , with a narrow spectral feature around energies ∼ Γ j m p c 2 , where Γ j = (1 − v 2 j /c 2 ) −1/2 is the bulk motion jet Lorentz factor. The detection of such a spectral feature would be a strong examination of five years of F ermi-LAT data (from MJD 54,682.6 to MJD 56,719.4) corresponding to observations of a 20 • × 20 • region centered on SS433 (RA = 19 h 11 m 49 s .57, Dec. = 04
• 58 ′ 57 ′′ .9).
These data have been processed through the standard LAT analysis software 1 together with the latest version of the instrument response functions as well as the Galactic and isotropic diffuse models provided by the Fermi-LAT Collaboration. The sources present in the 2 nd F ermi-LAT catalogue were included in the analysis, while allowing for a variation of the point-source parameters in the likelihood fit for sources inside the studied region. The residual map is shown in Fig. 1 In addition, the presence of three new, uncatalogued sources, is also apparent from the residual map (labeled "ps1", "ps2" and "ps3" in Fig. 1 ). The inclusion of these sources in the likelihood analysis, allowing for a variation of their spectral parameters, provides a Test Significance value TS = 55 above 200
MeV for the source we associate to SS433. Given the angular resolution of the Fermi-LAT at E γ > 200 MeV, the 0.13 • difference of the centroid of the gamma-ray signal with respect to SS433
coordinates, and the error circle radius of the source position, of ∼ 0.15 • , we argue that this source spatially coincides with SS433.
A distinct feature of this detection is that the source shows a very unusual spectrum as compared to most of the Fermi-LAT catalog objects, with a spectral energy distribution (SED) displaying a maximum at ∼250 MeV, and extending only up to ∼800 MeV. The peak in the SED is rather sharp, with power-law fits to the data above and below 250 MeV yielding photon indices of Γ γ = 3.0 ± 0.3 and Γ γ = 1.4 ± 0.2, respectively. The gamma-ray data is best fitted with a logparabola model, To constrain the possible contamination of the signal by the bright, nearby F ermi-LAT pulsar 2FGL J1907.9+0602, we used the Tempo2 pulsar timing package (Hobbs et al. 2006 ) and the latest ephemeris available for J1907.9+0602 2 , and performed the same likelihood analysis but using a restricted data-set including only photons falling in the off-pulse emission period of J1907.9+0602.
Using this ∼ 1/2 exposure data-set, the source we associate to SS433 is detected at a TS value of 33 above 200 MeV. Both the total flux and the spectral properties are in complete agreement with respect to the analysis of the whole data-set, and we therefore make use of all available photons in the spectral analysis. The SED of the source associated to SS433 is shown in Fig. 3 .
Discussion
For a distance to SS433 of d = 5 d 5 kpc the derived flux translates to a gamma-ray luminosity L γ ∼ 7 × 10 34 d 2 5 erg s −1 , which is much lower than the bolometric luminosity of the system, L bol ∼ 10 40 erg s −1 (Fabrika 2004 ). The total power required to sustain it could be supplied close to the compact object by the supercritical accretion disk, or by the powerful jets both at the jet base or in the region of interaction with the W50 nebula. Moreover, several emission mechanisms could contribute significantly to the gamma-ray flux. In a leptonic scenario, gamma-rays could be produced by Inverse Compton (IC) up-scattering off photons from the optical star and accretion disk or through relativistic Bremsstrahlung of electrons embedded in the cold proton/ion jet plasma or matter from the surrounding medium. Assuming a power-law distribution for relativistic electrons, N e ∝ E −α e exp (−E e /E cut ), the SED can be fit with a hard electron spectrum with α ≈ 2.0 (1.8) and cutoff energy E cut ≈ 1.5 (1.0) GeV in a IC (relativistic Bremsstrahlung) scenario (see Fig. 3 ).
If the emitter is located within binary-system length-scales, however, periodic absorption features are expected to affect the observed gamma-ray flux every precession cycle (Reynoso et al. 2008 ).
For IC on the companion star photon field, an additional orbital modulation of the gamma-ray flux is expected given the high inclination of the system (i ≈ 78 • ). No signature of such modulation is observed neither in the precession nor orbital phase-folded light-curves (see Fig. 2 ), although the low statistics available prevent from a definitive conclusion. If the emitter is instead located farther away along the jet, e.g. at the jet/medium interaction regions, IC on the cosmic microwave background would require an unlikely narrow electron distribution, approaching a delta function with γ e ∼ [3−5]×10 5 , to account for the observed gamma-ray flux. For relativistic Bremsstrahlung, assuming target particle densities of 4 × n ion ≈ 4 cm −3 (with n ion ≈ 1 cm −3 and a factor 4 from the Rankine-Hugoniot jump conditions in strong shocks), a high efficiency in converting jet-kinetic energy to non-thermal energy, above ∼ 30%, would be required. In a hadronic scenario, on the other hand, gamma-ray emission could be rendered through the decay of neutral pions produced in proton-proton collisions within the jet or at the jet termination site. The presence of a low-energy cutoff in the gamma-ray spectrum is naturally explained in this scenario by the sharp decrease of the neutral pion production cross section close to the kinetic threshold (Kafexhiu et al. 2014) , whereas the narrow gamma-ray peak can be easily described by adopting a proton distribution which does not extend significantly beyond a few GeVs.
The jets of SS433 can naturally provide such a proton distribution, with just such peak in the gamma-ray spectrum having been anticipated as a result of the interaction of proton-loaded jets with the surrounding medium (Heinz & Sunyaev 2002) . A total energy L jet kin ×t SS433 ∼ 6.3×10 50 ergs has been released by SS433 jets during the source life-time, t SS433 ∼ 2 × 10 4 yrs. A fraction of this energy, W p , is expected to be thermalized when the cold jet particles cross the strong shock formed at the jet/medium interface, or transferred to a shock-accelerated particle population. The collision of protons behind the termination shock against target nuclei from the shocked jet/medium shell leads to gamma-rays through π 0 production and decay, with luminosities L pp γ ∼ W p /t pp erg s −1 .
For ∼ 1 GeV protons the pp interaction time-scale is t pp ≈ 1.2 × 10 15 s for target particle densities of 4 cm −3 . For the observed gamma-ray luminosity L γ ∼ 7 × 10 34 erg s −1 , setting L γ = L pp γ implies that a moderate ∼10% fraction of the total accumulated energy needs to be contained in the injected protons and confined within the interaction regions. Assuming that the confinement time is defined by diffusion, with D(E) ≈ 3 × 10 27 (E p /1 GeV) 0.5 cm 2 s −1 , and considering a length-scale for the interaction regions of ∆r ∼ 10 20 cm, the diffusion time-scale is t diff ∼ (∆r) 2 /2 D(E p ) ≈ 5 × 10 4 yr, which is larger than the source age.
-6 -The thermalization of the jet proton's kinetic energy at the termination shock provides a MaxwellBoltzmann distribution peaking at k B T ∼ (Γ j − 1) m p c 2 ∼ 35 MeV/nucleon for the sub-relativistic jets in SS433 (with Γ j = 1.036). Even accounting for the interactions of protons in the highenergy tail of this thermal distribution, such a temperature is insufficient to fit the ≥ 250 MeV data-points of the gamma-ray spectrum. An additional population is therefore required, which could be supplied by accelerated protons injected along the jet or at the jet termination shock.
The acceleration mechanism should be on the other hand rather inefficient, given that the proton spectrum should extend only up to a few GeVs. If acceleration takes place at the base of the jet, i.e., close to the compact object, these protons could emit gamma-rays through interactions with cold jet material or matter entrained from the disk wind. However, absorption of gamma-rays through γN interactions (Reynoso et al. 2008 ) should be apparent due to the periodic eclipses by the companion star and the precession of the accretion disk. Again, those absorption features are not observed in the phase-folded light-curves, within statistics (see Fig. 2 ). A steady flux is expected instead if gamma-rays are produced by protons accelerated at the interaction shock of the jets with the surrounding W50 nebula.
The detection of gamma-rays from SS433 reported here may have only been possible given the extreme kinetic power of its jets, L SS433 kin ∼ 10 39 erg s −1 . For the same efficiency and surrounding medium gas density, any steady gamma-ray emission and cosmic-ray production from other less powerful microquasars will scale down in flux by a factor
5 , being undetectable by current gamma-ray instruments. However, the cumulative contribution from the microquasar population in our Galaxy, possibly much larger than the ∼ 20 systems identified so far (Fender 2006) , could account for a measurable fraction of the galactic cosmic-ray flux at ∼ GeV energies (Heinz & Sunyaev 2002) if jets from other systems are also baryon-loaded (Díaz Trigo et al. 2013) . Furthermore, the jets of established microquasars have Lorentz factors in the range Γ j ∼ 1-10. Collective effects would make the combined gamma-ray peak to appear correspondingly broader and shifted-up to ∼ few GeVs. Interestingly, a pronounced spectral feature peaking at 1-4
GeV has been recently discovered in the inner regions of the Galaxy, extending for about 2-3 kpc from the Galactic Center (Hooper & Slatyer 2013) . Galactic jets could therefore be contributing to this GeV feature, which has been otherwise interpreted in a annihilating dark matter scenario shows the position of the source associated to SS433. Significant excesses are also found at locations for which no catalogued gamma-ray sources exist, labeled "ps1", "ps2" and "ps3". to match the high-energy data-points. A proton power-law is required, extending up to at most
